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the water—energy—food nexus— 
balancing our (in)securities
enda Hayes and damian Crilly describe the concept of the water–energy–food 
nexus, which has been identified as a key area of importance in a world of increasing 
demand for resources, and discuss its application in a case study of the Severn River 
Basin, UK.
Although the global population growth rate is declining, the global population count is continuing to increase and is expected to reach 
9.6 billion by 2050, with an estimated 70 per cent living 
in towns and cities1. The global trends of population 
growth, rapid urbanisation and rising living standards 
are placing increasingly competitive demands upon 
finite natural resources for agriculture, energy and 
industrial production. If these trends continue, by 
2050 water demand is projected to increase by 55 per 
cent, energy demand is projected to increase by 80 per 
cent and food demand is projected to increase by 60 
per cent2.
These resource-demand challenges will be primarily 
experienced in cities where the growing middle 
classes will be the main consumers of electricity, oil, 
food beverages, household appliances, cars and other 
goods and services3. The question is: how do we 
provide energy, water and food security for a growing 
population now and in a future that needs flexibility 
to adapt to a challenging and changing climate? And 
once we have figured out the answer to this, how do 
we balance these securities to ensure that we are not 
achieving one at the expense of another?
WHat Is tHe WateR–eNeRGy–FOOd Nexus?
The nexus concept is not new. Environmental scientists 
and practitioners have been talking about this for years 
but using different terminology such as ‘integrated 
resource management’, or ‘systems thinking’. The nexus 
concept sits within very obvious day-to-day issues where 
we have numerous interdependent relationships such as:
• water for energy (e.g. thermal electric cooling and 
hydropower generation);
• energy for water (e.g. treatment and distribution 
of water);
• water for food (e.g. irrigation of crops);
projections suggest that this basin is going to experience 
substantial pressures in the coming years. For example a 
projected 20.1 per cent population growth in the UK by 
2050 5 would see an intensification of agriculture in the 
Severn River Basin region accompanied by an increased 
water demand and abstraction uncertainty. Additionally, 
the river basin is no stranger to major flooding events as 
experienced in Gloucestershire in 2007 and more recently 
in Gloucestershire and Somerset in 2014.
The basin is of strategic importance to the UK’s energy 
security plans and low-carbon agenda as it has the 
potential for the generation of approximately 10–20 
GW of electricity through projects such as the Severn 
Barrage and Hinckley Point C nuclear power plant, 
plus a possible 6–7 years of natural gas through shale 
gas exploitation6.
However, to achieve this target the underlying 
fundamental is water resource availability and in some 
instances this will require compromises. Data from the 
UK Catchment Abstraction Management Strategies 
indicate that large regions of the country have sufficient 
water resource availability less than 50 per cent of the 
time9. The overseas trade statistics show that over 50 
per cent of the UK’s food is imported and in many cases 
from locations that will be vulnerable to climate change7. 
Additionally, the Department of Energy & Climate 
Change advise that the UK energy mix is going to be 
reliant on nuclear energy, renewables and natural gas 
in the future and arguably some of that natural gas may 
come from the UK’s own shale gas reserves.
• Shale gas: extrapolating from published estimated 
shale gas reserves in the Bowland Hodder, there 
may be potential technically recoverable reserves 
of 578 bcm (billion cubic metres) within the Severn 
River Basin geographical area (see Figure 1). At the 
current UK rate of 85 bcm of natural gas usage per 
annum the approximated Severn shale gas would 
provide 6.8 years of natural gas. Yet to access this 
gas, assuming that we were able to exploit 20 per 
cent over the next 20 years, the estimated water 
withdrawn would be 270 ML per annum (equivalent 
to the water use of approximately 5,000 people 
per annum). However, between 20 and 80 per cent 
of this water withdrawn would be permanently 
consumed (i.e. would be trapped in the shale 
rock due to the hydraulic fracturing process) and 
therefore permanently lost to the immediate water 
environment and the hydro-geological cycle;
• Nuclear power: the UK nuclear programme is to 
have 16 GW operational by 2030. Hinckley Point 
C will provide 3.26 GW and will be the first of 
the new generation of nuclear power plants to be 
operational by 2023. Located in West Somerset, 
the power plant will draw water from the Severn 
• energy for food (e.g. processing, transportation, 
sanitation); and
• ‘food’ for energy (e.g. biofuels). 
Ecosystems are critical to the nexus, and ecosystems 
services (natural infrastructure) underpin each of the 
three nexus strands. Without healthy ecosystems in 
well-functioning watersheds, the infrastructure built 
for irrigation, hydropower or municipal water supply 
does not function sustainably, and is unlikely to achieve 
the economic returns necessary to justify investments4. 
Natural infrastructure does not replace the need for 
built infrastructure, and natural infrastructure can 
complement built infrastructure. For example, dams 
benefit from forests that stabilise soils and hold back 
erosion upstream. Lakes and wetlands provide water 
storage and therefore reduce the reservoir volume 
needed and thus the cost of built water storage.
The challenge of the nexus is not just about the 
interdependent relationships between water–energy–
food but also involves the complex planetary drivers, 
pressures and challenges that influence these resources 
on different geographical scales (local, national, 
global), temporal scales (historical, current, future) 
and experiencing differing risks (political, economic, 
environmental).
The UK Climate Change Act (2008) places a commitment 
to achieve an 80 per cent reduction of greenhouse gases 
by 2050 based on 1990 levels. The UK Carbon Plan states 
that a major component of achieving this reduction 
will be “to make a transition to a low carbon economy 
while maintaining energy security” and “less reliance 
on imported fossil fuels and less exposure to higher and 
more volatile energy prices”.
Whereas the Carbon Plan is focused on mitigation, 
there is a noticeable lack of considered integration of 
climate adaptation, which will primarily have an impact 
on water and food. This document alone is a perfect 
example of a lack of nexus thinking and illustrates the 
fact that having water–energy–food as shared priorities 
does not mean that they will be equal priorities. Many 
practitioners view water security as the key component 
to the nexus and the focal point that will bring together 
the global challenges that the world economy will face 
in the coming decades.
tHe Nexus IN aCtION (OR INaCtION) – seVeRN RIVeR BasIN
The Severn is the longest river and third-largest basin in 
the UK, supporting 5 million people including the major 
urban conurbations of Coventry, Cardiff and Bristol. It 
supplies water to approximately 2 million households 
and 193,000 commercial operations and currently 
operates at 94 per cent of its abstraction potential. Recent 
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tHe Nexus RIsK tRILeMMa 
So how can we provide (a) security of supply, (b) 
equitable supply and (c) environmental protection for 
the various complex strands of the nexus (i.e. the nexus 
risk trilemma?) There is no single solution to the issues 
inherent in the complex nexus web of relationships, 
but from a UK perspective here are some of the key 
challenges that must be addressed.
• Spheres and silos: although the need for integration is 
well acknowledged, many institutions are divided into 
‘spheres’ and ‘silos’ often from the top down. The silo 
approach is no longer fit for purpose in a VUCA (volatile, 
uncertain, complex and ambiguous) world. The old 
adage of getting levels of government and government 
departments to share and more importantly act on 
nexus information is an ongoing difficulty;
• Planning: most planning projects are examined 
on their own individual merits, but what is the 
cumulative impact of numerous projects over 
different geographical scales and time on the nexus 
balance? What would (will) the Severn catchment 
look like in 2030–50 with widespread shale 
exploration, tidal projects, nuclear power demands, 
intensification of agriculture, a growing population 
and urban footprint, and the impact of climate 
change? How will we plan for the cumulative and 
competing resource demands?
• Education and awareness: education is required, 
but not for people in the water, food and to a lesser 
extent the energy sector but for planners, finance 
and the public. Additionally, we must manage our 
expectation of what resources our stressed global 
ecosystem can provide in the future; and
• Policy balance: it could be argued that the energy 
agenda carries much more weight in the UK than 
the food or water agendas and this policy imbalance 
needs to be addressed. 
tHe FutuRe OF tHe Nexus 
There is no quick-fix solution; rather what is required is 
the rapid uptake of a way of thinking, nexus/systems 
thinking, which demands that our current and future 
societal needs are met. There is never likely to be a 
single suitable target or optimal solution and we need 
to consider multiple benefits. We need to start thinking 
outside of our silos not just about a low-carbon future 
but a nexus-friendly future, a future with shared 
ownership not only of nexus security challenges but, 
more importantly, the solutions. 
The perfect nexus solution does not exist, there will 
always be some element of trade-off required, but a 
number of good, no-regret solutions that allow for 
benefit-sharing may be good enough. However, until 
 Figure 1. Water resource availability (per cent of time) and possible shale gas development within the severn catchment. 
data sources: department for energy and Climate Change7,8, environment agency (© unversity of West of england). 
Estuary and will build cooling water tunnels and 
other infrastructure out into the estuary. Unlike the 
shale gas example, the key issues for this project 
are the potential impact that the power station will 
have on estuary habitats, through issues such as 
suspended sediment, variation to the estuary-water 
chemical quality and thermal regime, and the 
impact that the land infrastructure will have on 
groundwater levels, rather than sufficient water 
supply for cooling. Additionally, the Hinckley Point 
location is at high risk of flooding by 2080 and 
erosion. Given the power station’s location beside the 
Somerset flood plains, there has to be the additional 
requirement for elevated flood defences including 
the requirement for a 66 million gallon water lagoon 
(the annual water needs of approximately 5,500 
people per annum).
• Tidal energy: Numerous schemes have been 
examined in recent years in the Severn Estuary 
and the pros and cons of lagoon schemes versus 
barrage schemes have been well documented. 
Primary concerns cited include issues surrounding 
the cost associated with the schemes, the scale of 
the infrastructure required, and the associated 
environmental and economic risks. Therefore the 
Severn tidal energy agenda has remained relatively 
quiet since 2009. From a nexus perspective the key 
risks included environmental impacts on fisheries 
and the estuary ecosystem and accessibility to 
Bristol Port. 
These three different low-carbon projects each bring 
their own nexus risks whether they are potential water 
loss from shale gas exploration or impact on estuary 
habitats and fisheries from nuclear and tidal schemes. 
The challenge is how to weigh and balance these issues 
to ensure that we are not trading off one security for 
another insecurity. The water and food strands of the 
nexus are inherently linked and have a long-standing 
record of co-dependency, resulting in co-operation but 
it is in the energy strand where the challenges for the 
UK and the balance for the nexus are going to be under 
most scrutiny.
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we start to think ‘nexus’, society will continue to be 
stuck in a securities (insecurities) trilemma.
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